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Abstract 
This paper studies suppression of n-Heptane pool fire with water mist under different longitudinal ventilation velocities in a long and 
narrow space. Through the suppressing experiments with two different spraying positions and seven ventilation speeds, it is found that the 
extinguishment of fires has a close relationship with the fuel temperature. Moreover, the fuel temperature, when the fire is extinguished 
by spraying at different positions, is almost the same within the measurement ranges, and it tends to decrease as the wind speed rises. 
Mechanism studies show that the coupling effect of dilution and replacement of oxygen and fuel surface cooling is the main mechanism 
in n-Heptane fire extinguishment of water mist under longitudinal ventilation. In addition, the ability to efficiently cool the fuel plays a 
determinant role in the n-Heptane pool fire suppression. 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia-Oceania Association for Fire Science 
and Technology. 
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1. Introduction 
The constructions of long and narrow spaces such as tunnel and subway have large aspect ratios with small cross sections 
and relative confined space. As a result fire would be extremely dangerous under these conditions because fire spreads 
much faster, heat and toxic smoke more easily accumulate [1]. How to effectively protect people and property in these 
conditions has become a prevailing research focus in fire-fighting field. Water mist suppression, as one of clean and 
efficient agents, is an excellent way to solve this problem [2, 3]. It is well known that fire in these buildings strongly 
affected by the forced convection own to the significant air flow. The interaction of water mist and flame is complicated 
which is simultaneously affected by flame shape, oxygen supplying and water mist distribution caused by ventilation. 
In recent years, research institutions of water mist carried out relatively more full-scale experiments to test the cooling 
and suppressing efficiency of their products in long and narrow spaces under longitudinal ventilation [4-6]. However full-
scale experiments always cost considerable money and make it difficult to get enough reliable data to study regulations of 
these suppression progresses. As a result, it is primary to study the water mist suppression in long and narrow spaces with 
small-scale experiments. 
Amano [7, 8] built a 1:2 scale tunnel model to study the effect of water mist on the spread of smoke. Ray [9] constructed 
an underground mine model gallery with length of 2.4 m and height of 2.7 m at the Centre Mining Research Institute of 
India to evaluate the suppressing efficiency of water mist in 2005. Ingason [10] carried out 1:23 model scale tunnel tests 
with water mist in 2008, in which by controlling different parameters of spray pressure, water mist flow rate, ventilation 
speed and layout of sprays, a quantitative study of water mist extinguishing crib fire under longitudinal ventilation was 
* Corresponding author. Tel.: +86 551 6360 1662. 
E-mail address: qinjun@ustc.edu.cn. 
© 2013 International Association for Fire Safety Science. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Asian-Oceania Association of Fire Science and Technology
947 Quanwei Li et al. /  Procedia Engineering  62 ( 2013 )  946 – 953 
carried out. Chen [11] studied the relationship between ventilation velocity and extinguishing time of water mist on crib fire 
using two different types of sprays in a small-scale tunnel. Experiments showed that the coupling system of water mist and 
ventilation may increase fire suppression efficiency remarkably. These researches of both large-scale and small-scale 
experiments are important as guidance for applying water mist under longitudinal ventilation in long and narrow spaces. 
Unfortunately, less studies on the pool fire suppression by water mist and mechanism concerning with the effect of 
longitudinal ventilation on the extinguishing progress have been reported. 
This study aimed at revealing the mechanism of water mist suppressing n-Heptane pool fire under longitudinal 
ventilation by exploring influence of ventilation rate, layout of water mist and size of pool fire on efficiency of suppression 
with small-scale experiments. 
2. Experimental apparatus 
The experiments were conducted in a 5.5 m × 0.9 m × 0.6 m small-scale long and narrow space as shown in Fig. 1. The 
space was built by glass-magnesium fireproofing board except one side which was built by toughened glass to facilitate the 
observation. Wind was provided by an axial-flow fan after filtering by a honey comb core screen (thickness of 0.4 m) on the 
inlet side. A Kanomax KA12 anemometer was placed near the outlet of the screen to measure wind speed. In addition, a 
Testo gas analyzer was placed at the top of the model and 0.6 m downstream away from the pool. Sixteen K-type 
thermocouples were located in the model, of which one to measure the temperature of oil, the others to measure the region 
temperature. In order to assure the accuracy and monitor the change of fuel mass, an electronic balance was installed under 
the pan with a metallic sent. A CCD camera was used to visualize the fire suppression process. 
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Fig. 1. The scene of the experiments. 
2.1. Water mist systems 
Water mist was produced by a self-contained supplying water mist system that consisted of a single fluid nozzle and 9 L 
water tank. The working pressure of the system was 1 MPa and the discharge coefficient (K-factor) of each nozzle is 0.337. 
The droplet size and velocity distribution were measured by a Laser Doppler Velocimetry or the Adaptive phase Doppler 
Velocimetry system (LDV/APV) at the cross-section 0.5 m away from the nozzle exit in a room without any ventilation, 
results are shown in Fig. 2. Two nozzles were set 0.5 m above the oil pan, one at the upright position (position 1) and the 
other at 0.2 m upstream away from the pan axis (position 2) as shown in Fig. 1. The water flux was measured by collecting 
water with the pans placed at the very fire position.  
2.2. Fire scenarios and measurements 
Three oil pans made of 1mm thick stainless steel were used in the experiments whose sizes were 100 mm × 100 mm × 20 
mm, 120 mm × 120 mm × 20 mm and 150 mm × 150 mm × 20 mm respectively. n-Heptane as fuel was added to the pans 
with certain quantities of 50 g, 72 g and 112 g to make sure that the depths of the fuel were same at the beginning of every 
experiment. During the experiments, the oil was ignited manually by a blow torch and the fan was activated to create certain 
rate of ventilation at the same time. Then, the fires were allowed to burn unlimitedly about 150 s before water mist was 
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sprayed out. The flame was monitored carefully from the glass window, so that the spray could be stopped immediately 
when the fire was extinguished. All of the experiments under different conditions were repeated at least 3 times to make 
results more credible. 
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Fig. 2. Spray performances of water mist measured by LDV/APV: (a) SMD diameter distribution (b) vertical velocity distribution. 
3. Results and discussion 
3.1. Influence of wind speed and relative position 
The experimental results of the water mist spraying upright upon the pool fire (position1) with different longitudinal 
ventilation velocities were showed in Table 1. No evident regulation was found considering the extinguishing time of 
different scales of n-Heptane pool fire with the changing of longitudinal velocities. However, the extinguished oil 
temperature decreased as the wind speed rose, as shown in Fig. 3. 
Table 1. Typical cases of fire suppression by spray at position1 under longitudinal ventilation 
Case 
No. 
Side length of pool 
(mm) 
Fuel quantity 
(g) 
Wind speed 
(m/s) 
Extinguished oil temperaturea 
(K) 
Extinguishing time 
(s) 
U1 100 50 0 332.8 11.4 
U2 100 50 0.23 323.6 18.6 
U3 100 50 0.41 321.5 17.8 
U4 100 50 0.59 340.2 Failed 
U5 120 72 0 336.6 32.3 
U6 120 72 0.23 324.2 15.4 
U7 120 72 0.41 321.4 24.7 
U8 120 72 0.59 313.9 46.0 
U9 120 72 0.68 343.4 Failed 
U10 150 112 0 345.1 5.0 
U11 150 112 0.23 325.4 10.5 
U12 150 112 0.41 321.0 17.5 
U13 150 112 0.59 354.4 Failed 
a: the corresponding oil temperature of failed extinguishing experiments is the lowest temperature in fire extinguishment. 
 
To expressly characterize the oil temperature changes with different wind speeds, Fig. 4(a) was drawn to show the 
relationship of extinguished oil temperature with velocities. From Fig. 4(a), extinguishing temperature of n-Heptane pool 
fire with different sizes decreased as wind speed rose and tended to be uniform within the measuring ranges. Consequently, 
water mist surface cooling effect played a vital role in fire extinguishment. 
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In order to further analyzing the mechanism of ventilation on fire extinguishment, the method of collection and weigh 
water mist was adopted to measure the water flux of mist at the fire source position under different wind speeds, the results 
were showed in Fig. 4(b). Comparing water flux with extinguished oil temperature in fire extinguishment, it was found that 
the water flux of the failed extinguishing experiments of different pool fire scales did not decrease, instead having the 
tendency to increase in comparison with the successful ones. For example, as for the pool with side length of 100mm, the 
water flux of the failed ones in 0.59 m/s wind speed was obviously larger than those in 0.41 m/s and 0.23 m/s, however it 
did not represent efficient cooling effect and ended in failure. In this sense, the water flux alone could not determine the 
cooling effect on the oil. 
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Fig. 3. The changing of oil temperature of 120 mm width pool fire during suppression under different ventilation velocities.  
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Fig. 4. Variation of extinguished oil temperature and water flux with wind speed by spraying at position 1: (a) extinguished oil temperature; (b) water flux. 
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Fig. 5. Variation of extinguished oil temperature and water flux with wind speed by spraying at position 2: (a) extinguished oil temperature; (b) water flux. 
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Typical experimental results of water mist sprayed on windward side (position 2) under different longitudinal velocities 
were showed in Fig. 5. Likewise, the relation of extinguished oil temperature with longitudinal velocity was mapped in Fig. 
5(a). From the Fig. 5(a), as for the successful extinguishing experiments, the measured extinguished oil temperature 
reflected the same regulation, in which it decreased as the wind speed rose. In addition, the extinguished oil temperatures in 
different sizes of n-Heptane pool fires were close to each other under the same longitudinal wind speed.  
The measurement results of water flux in the corresponding pool size under different longitudinal wind speeds were 
showed in Fig. 5(b). By compared Fig. 5(a) with Fig. 5(b), as for the same intensity of water flux, extinguished oil 
temperature under different wind speed differed from each other, which meant that water flux was not the only determinant 
in oil temperature. 
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Fig. 6. Variation of extinguished oil temperature and water flux with wind speed: (a) extinguished oil temperature; (b) water flux of 100 mm × 100 mm pan. 
In order to compare the extinguished oil temperature under the water mist activated right above and on windward side of 
the pool, the relations of extinguished oil temperature with longitudinal wind speed in successful fire extinguishing 
experiments were mapped in Fig. 6(a). The figure showed that the extinguished oil temperatures of successful fire 
extinguishing experiments in the foregoing two positions were almost the same and both decreased as the wind speed rose, 
which meant that wind speed increase entailed lower oil temperature to extinguish fires. From this point, on the condition of 
longitudinal ventilation, efficient cooling effect was a vital determinant in successful extinguishment of n-Heptane pool fire 
with water mist. 
Besides, from the comparison of experimental results under water mist activated in the foregoing two places, the water 
mist activated on the top of the pool (position1) could successfully extinguish the n-Heptane pool fire under no ventilation 
or relatively low wind speed. Contrarily, the water mist activated on the other place (position 2) failed to extinguish the fire 
on the same condition. 
Figure 6(b) showed the comparison between water flux measured in pool with side length of 100 mm under water mist 
activated in different positions (the regulations of other pools are similar to this one). From Fig. 6(b), flux of water mist 
activated on the windward side was unexpectedly larger than that on the top of the pool on the condition of no ventilation or 
relatively low wind speed. It revealed that pool fuel cooling efficiency, under longitudinal ventilation, was not dependent on 
water flux only. 
3.2. Extinguishing mechanism under longitudinal ventilation  
The water mist fire-extinguishing mechanisms are very complex, and according to the former researches, the 
mechanisms mainly include fuel surface cooling, flame cooling, dilution and replacement of oxygen; other minor 
mechanisms include radioactive heat loss, reducing the ratio of combustible and oxygen and some dynamic influences [12-
16]. 
Richard [17] explored the effect on radiant heat transfer at the surface of small-scale liquid pool fire and revealed that the 
combustion rate of n-Heptane increased under the water mist, and the flame's convection and thermal feedback to the fuel 
surface were strengthened, which meant that water mist and vapor could not effectively isolate the feedback of the fuel 
surface and this failed to inhibit the vaporization of the fuel in the surface. In this sense, the dilution and replacement of 
oxygen and gas-phase cooling played important roles in extinguishing pool fires. While Kim’s [18] study on burning rate of 
a pool fire with downward-directed sprays showed that water mist strengthened the interaction of fuel and atmosphere, 
leading to burning rate increase and radial spread of the flame. This effect shortened the time of fog drip through the flame 
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area, which made the fog drip easy to approach the fuel surface; on the other hand, the too-fined fog drip was unable to 
make through the flame area. Consequently, Kim draw the conclusion that as for small-scale pool fire, the main mechanisms 
of water mist in fire extinguishment were fuel surface cooling and the inhibition of fuel vaporization. 
In order to study the main fire extinguishment mechanism of water mist with ventilation, it is necessary to analyse the 
experimental results under no ventilation condition. Fig. 7 showed the measurement results of oil temperature and oxygen 
concentration in the two different sizes pool fire under no ventilation condition. It revealed that oxygen concentration of 
experiment U10 (pool fire with side length of 150 mm) plummeted and oil temperature contrarily soared. It seemed 
paradoxical that the heat feedback of the fuel surface was intensified while the fire was extinguished swiftly. A possible 
explanation was that the main mechanism in this period was dilution and replacement of oxygen. On the contrary, oxygen 
concentration in experiment U1 (pool fire with side length of 100 mm) did not change obviously and the oil temperature 
gradually decreased until the extinguishment, in which the main mechanism was fuel surface cooling. The other 
experimental results under no ventilation condition met this phenomenon well which met those in Richard’s [17] and Kim’s 
[18] researches. 
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Fig. 7. Variation of oil temperature and O2 concentration during 
suppression without ventilation. 
 Fig. 8. Variation of O2 concentration during suppression under 
different ventilation velocities.
   
Fig. 9. Typical picture of suppressing 100 mm side length pool fire by water mist spraying at position1 under wind speed: (a) 0 m/s (b) 0.41 m/s (c) 0.59 
m/s. 
   
Fig. 10. Typical picture of suppressing 100 mm side length pool fire by water mist spraying at position2 under wind speed: (a) 0 m/s (b) 0.41 m/s (c) 1.13 
m/s. 
Extinguished Extinguished Failed 
Failed Extinguished Failed 
(a) (b) (c) 
(a) (b) (c) 
952   Quanwei Li et al. /  Procedia Engineering  62 ( 2013 )  946 – 953 
With the increasing supply of fresh air, oxygen concentration near the fire source increased, counteracting the ability of 
water mist to dilute and replace the oxygen. Fig. 8 shows the typical variation of oxygen concentration near the fire source 
during suppression under different longitudinal ventilation velocities.  
From the data in Table 1, as for the experiments U11~U13, the oil temperature after extinguishment gradually decreased 
with the increase of longitudinal wind speed while the extinguishing time increased in this condition. This meant that water 
mist's efficiency to dilute and replace oxygen was impaired with the increase of wind. It followed that lower oil temperature 
could boost successful fire extinguishment in this condition. As for the failed experiment U13 and the near successful 
experiment U12, both the oxygen concentrations near the fire source, as shown in Fig. 8, were equivalent with those in 
successful experiments in the process; however, because the fuel in experiment U13 could not be effectively cooled, the fire 
extinguishment failed. 
From the comparison of the picture shoot in the extinguishing process (typical results were showed in Fig. 9 and Fig. 10), 
the degree to which the flame attaches on the fuel surface closely related to the success or failure of the fire extinguishment. 
To be specific, when the flame closely attached to the fuel surface, the fire extinguishment usually failed; when the flame 
was stripped out of the fuel surface under the combination of fined water mist and longitudinal ventilation, it probably 
succeeded. 
The ways of flame attaching to the fuel surface could be classified as windward attachment and leeward attachment. The 
leeward attachment usually happened in a low wind speed (< 0.41 m/s), no ventilation condition and the experiments carried 
out on windward side 0.2 m from the pool fire; the windward attachment usually happened in relatively high speed 
(activation at position1:  0.59 m/s; activation at position2:  1.13 m/s), and both the experiments of water mist activated in 
the two places shared this phenomenon. 
In order to explore the mechanism of the influences of water mist and longitudinal ventilation on the flame attachment 
state, the flow fields of water mist activated both at position1 and position2 were measured without ignition under the 
corresponding wind speed. The Digital Particle Image Velocimetry (DPIV) diagnosis method was used on the basis of cross 
correlation algorithm. The flow fields of water mist spraying at position 1 and position 2 were showed in Fig. 11 and Fig. 12 
respectively. (The gray rectangle corresponded to the pool position whose side length is 100 mm) 
 
(a)                                         (b)                                                        (c) 
Fig. 11. Velocity distribution of water mist upon the pool under different wind velocities (sprayed at position 1): (a) 0 m/s, (b) 0.41 m/s, (c) 0.59 m/s. 
 
(a)                                                         (b)                                                      (c) 
Fig. 12. Velocity distribution of water mist upon the pool under different wind velocities (sprayed at position 2): (a) 0 m/s, (b) 0.41 m/s, (c) 1.13 m/s. 
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From Figs. 11 and 12, the ways that water mist covered the pool met well with the flame attachment state on the fuel 
surface. In fact, flame attachment state, to some extent, reflected the oxygen concentration distribution near the fuel surface, 
which characterized the effect of water mist in dilution and replacement of oxygen. In addition, because the fuel surface 
received more feedback in the presence of flame attachment, and water mist partially vaporized when got through the flame 
area, it was more difficult in cooling the fuel and finally led to the failure of fire extinguishment. 
To conclude, under longitudinal ventilation, the coupling effect of dilution and replacement of oxygen and fuel surface 
cooling is the main determinant in the extinguishing n-Heptane pool fire. Considering that it is hard to decrease the oxygen 
concentration near the fire source to the limitation of combustion and the fact that the dilution and replacement of oxygen 
ability would be weakened with the increase of the wind speed, efficient fuel cooling in the presence of ventilation is the 
determinant in n-Heptane pool fire extinguishment. 
4. Conclusions 
The mechanism of water mist suppressing n-Heptane pool fire under longitudinal ventilation in long and narrow spaces 
was studied. The results show that the water mist can suppress n-Heptane pool fire successfully under longitudinal 
ventilation. With the increase of wind speed, the effect of dilution and replacement of oxygen of water mist is weakened 
while the effect of fuel surface cooling is strengthened. In addition, the oil temperature, when the fire is extinguished by 
water mist activated at different positions, is almost the same within the measurement ranges, and it tends to decrease as the 
wind speed rose. Under the ventilation condition, the coupling effect of dilution and replacement of oxygen and fuel surface 
cooling is the main mechanism in n-Heptane fire extinguishment of water mist and the ability to efficiently cool the fuel 
plays a determinant role in a successful n-Heptane pool fire extinguishment. 
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